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ABSTRACT 

Teachers participating in this study were enrolled in 
one of two courses developed for high school teachers of physical 
science. The courses were offered as part of the Summer Institute in 
Science, an Education for Economic Security Act Title II program 
funded by the Texas Higher Education Coordinating Board. Behavioral 
intention, attitude toward the behavior (and its determinants, 
behavioral beliefs and outcome evaluations), subjective norm (and its 
determinants, normative beliefs and motivations to comply) were 
determined using the method described by Ajzen and Fishbein (1980). 
The functional dependence of behavioral intention on attitude and 
subjective norm was examined. The purpose of this study was to 
explore the utility of the Theory of Reasoned Action for 
understanding and predicting science teaching behavior. In 
particular, the study investigated the cognitix^e foundations and 
social support for the physical science teachers* decision to engage 
in a specific teaching behavior, using investigative methods to teach 
physical science in a yearlong, general education, high school course 
consisting of one semester each of introduction to physics and 
introduction to chemistry. Intent to use investigative methods to 
teach physical science appears to be the result of a teacher's 
personal decision to do so, without regard to social pressures. 
(CW) 
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Dttorminanto ctf Phyftiofti SoitnM TMolwr** lnUntion» to Um Inv^etig^tiw TtdoMng Methods: 
A Te$t of the Theory of Re^Md Action 

Purpose 

The purpose of this study ve$ to axplore the utility of the Theory of Reasoned Action for 
understanding and predicting science teaching behavior, tn particular, the study Investigated the 
cognitive foundations and social support for physical science teachers* decision to engage In a 
specific teaching behavior, using investigative methods to teach physical science. 
Th«)retical Base 

The Theory of Reasoned Action vas developed by social psychologists to better understand and 
predict human behavior. Proposed by Fishbein and Ajzen ( 1 975} the Theory has been found to be 
successful in explaining such diverse human behaviors as urinking, dieting, choosing a career, 
planning 9 family, voting, and consumer purchasing behavior (Ajzen and Fishbein, 1980). In 
education, the Theory has been successfully to understand and predict grade 8 students* 
intentions to enroll in a high school science course and girls* intentions to enroll in at least one 
physical science course in high school (Koba11a,Crav1ey,I^Shrig1ey, 1987). 

Four constructs are central to the Theory of Reasoned Action: behavior, behavioral intention, 
attitude tovaid the behavior, and subjective norm. The best predictor of behavior (B), according 
to the Theory, is intention to engage in the behavior. In turn, behavioral intention (I) is 
determined by tvo variables, one personal and the other social. Attitude toward the behavior 
(AB), the personal component, repre^nta the extent to which an individual believes that 
performing the behavior willlead to desirable consequences. Subjective norm (SN), on the other 
hind, represents the social component, a measure of the extent to which an 1 ndi vidual believes that 
Important ''others*' think the behavior should be performed, intention, attitude, and subjective 
norm, are 11 nk^ to bettor through the ^uation, 

B-l-(AB + 8H)=wiAB + W2SH 
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where vi and V2 ere respectively the relative weights or contributions attitude and subjective 
norm make to the prediction of behavioral intention and subsequently behavior. 

Attitude and subjective norm each are composed of two distinct components. Attitude toward 
the behavior (AB) for any individual depends on the person's perceived consequences of 
performing the behavior (bj) and on the person's evaluation of eech of the consequences (ej). 
Attitude^ behavioral beliefs, and outcome evaluations are related through the equation (Fishbein 
andAj2enJ975,p223), 

AB^Xibiej 

The strength o^ each belief linidng a consequence to performing a behavior (bj) is weighted by the 
individual's evaluation of the consequence and summed over all salient beliefs to determine a 
person's attitude toward performing a specific behavior (AB). 

Subjective norm (SN) Is the social component of behavioral intention, its contribution to 
behavioral intention is determined by what the individual perceives to be the expectations of 
others, called normative beliefs (n|c), and the individual's motivation to comply (mk)with others' 
expectations, normative beliefs a;;d motivations to comply are related to subjective norm through 
the equation, 

SN = Iicnicm{c 

The strength of each belief linking a behavior to the expectation of another person, the normative 
belief ( ni^}, is weighted by an individual 's motivation to comply with the other person's 
expectations (mi:), summ^ over all referents, to arrive at subj«^tive norm (SK). 
Design and Procedures 

Sixty-^seven elementary and s^ndary school teechers participated in the Summer Institute in 
Science, an Education for Economic Security Act, Title li, program funded by the Texas Hf^her 
Education Coordinating B(»rd. The objectives of the EESA, Title II, program are to: (1 } improve 
the skills of teachers and instruction in math, science, foreign languages, and computer learning 
and (2) to improve instruction in the Essential Elements in the appropriate subject at a 
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particular gr«fe level 05 designated by tte State Bmrd of ^duc^^ The Easentlal Elententein 
acience reprewnt proceea akilla appropriate for a particc^lar grade level and aubject. 

Tvo ccuraea (Concepts i n Chemiatry and Concepts i n Phi^ca) vera developed apecificall y for 
tedohera of physical science in Texas, a year long course consisting of one semester each of 
introduction to chemistry and introduction to physics. Tventy-three teachers vera enrolled in 
ConceptsinChemistryandtwenty-fourinConceptsin Physics. Classes met daily, three iiours per 
day for three V' ^ks. 

Investigations developed for use in each course followed identical formats for the chemistry 
and physics courses and stressed the teaching of physical science concepts through active use of the 
Essential Elements. Inexpensive, commonly available equipment and materials vere utilized in 
each investigation. 

Tovard the end of the first veek of class teachers responded to an open-ended questionnaire, 
following the method described by Ajzenand Fishbein (1980, p 261). On this questionnaire 
teachers identified th^r salient beliefs and referents, what they perceived to be the consequences 
and personal support for engagi ng i n a specific teachi ng behavior-use of the activities and 
investigations completed in the Summer institute in Science Course(s} with students I teach this 
school year The behavioral criterion contains four elements: the action (use of), the target of the 
action (the activities and investigations) , the context in which the action occurs (with students I 
teach), and the time at which the action is to be performed (this next school year). Next, beliefs 
and referents information was content analyzed to arrive at modal salient beliefs and referents, 
accounting for 90% of the beliefs and referents mentioned on the open-ended questionnaire. 
Normative and behavioral beliefs formed the basis of a subsequent questionnaire designed to 
determine betevioral intention, attitude toward the behavior (including behavioral belief strength 
and outcome evaluation)^ and subjective norm (including normative belief strength and motivation 
to comply). 

Regression analyses were used to determine the relative contributions of attitude and 
subjective norm to the prediction of behavioral intention-the best predictor of subsequent 
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behavior-fcr nineteen teechers enrolled in Concepts in Chemletry and twenty-three teechers 
enrolled In Concepts in Physics. Deta were deleted from the analyses for four teechers enrolled in 
the chemistry course ar«J one teacher enrolled i n the physios course, per«)ns who were either 
elementary or middle school teachers who would not teach physical science during the coming 
school year. 
Results 

Fifteen salient beliefs and six personal referents were identified from responses to the open- 
ended (juestionnaire. Teachers believed that use of the investigations would lead to increased 
student interest in science, development of higher level thinking sicills, active involvement of 
students in science lessons, acquisition of language skills, to name but a few. Administratxirs (the 
superintendent and principal), other teachers, the department chairperson, parents, and students 
provided the external support for using investigations in physical science classes. The final 
questionnaire elicited information from teachers regardti.g their behavioral intention, attitude 
toward the behavior (i ncl udi ny behavioral beliefs and outcome aval uations) , and subjective norm 
(including normative beliefs and motivation to comply). 

faults of separate* multiple regression analyses for teachers enrolled in chemistry and 
physics approached significance (n values of .0577 and .0773, respectivel y) using the "Full 
Model", i.e., attitude and subjective norm. Regression effects accounted for 23% of the variance in 
intention among teachers enroll»i in chemistry and 1 5% of the variance in intention among 
teachers enroller; iii physics. Table t contains the results of significance tests u!i«>g the "Full 
Model ". Correlation coefficients were compuied between attitude and i ntention and subjective 
norm andintentionfcr teachers enrollerfineach course using the full model. Attitude, but not 
subjective norm, was found to be related to intention for trochers in each course ((t s. .05). The 
beta coefficients were also found to be significant (g x .05) for the contribution of attitude, but 
not subjective norm, to the prediction of intentfon in the regression equations (aee Table 2). 

Subjective norm was removed from the regression equations. Simple regression equations 
using attitude as the sole predictor of intenticn were constructed and iHir significance tested. 
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Pages 

T«b1e 1 

Significance Teat of Regression Effects-FuU Model (Attitude Si Subjective Norm ) 



tonrtt Source SS df MS F p R2(8dj) 



Chemistry ftegrcwion 


1.41 2 


0.70 


3.47 .0577 .32 


Residual 


3.04 15 


0.20 




Phydicd (^redsion 


2.20 2 


1.10 


2.92 .0773 .23 


Residual 


7.54 20 


0.38 




Table 2 








Correlation and Reoression Coefficients-Full Model (Attitude & Subiective Morm) 






Correlation Coafficients 


Regression Coefficients 


Course Outcome 






VAB 


Chemistry Intention (1) 


.46* 


.22 


.12* -.39 


Physios Intention (1) 


.47* 


.16 


.17* -.03 



*lii.05. 

Results of significance tests of simple regression effects using a 'reduced model" proved to be 
significant (g ^ .046 for teachers enrolled in chemistry and g = .022 for teachers enrolled in 
physics). Attitude was found to account for nSCand 1 9« of the variance in intention for te«>hers 
enrolled in ctemistry and physics, respectively. Results of tests for significance of the regression 
effects are found in Table 3. 
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T«b1e3 

Siqnificanca Test of Regression Effects-Reductd Mode] (Attitude Onlu ) 



Course Source SS df MS F p R2(8dj) 



Chemistry 


Regression 


1.02 


1 


1.02 


4.64 


.046 


.17 




Residual 


3.72 


17 


0.22 








Physics 


Regression 


2.20 


t 


2.20 


6.10 


.022 


.19 




Residual 


7.55 


21 


0.36 









Attitude tovsrd the behavior and subjective norm are determined by their respective beliefs, 
behavioral and normative. According to the theory of reasoned action, the set of salient behavioral 
beliefs determines the attitude tovard the behavior, and the set of normative beliefs determines 
the subjective norm. The separate relationships betveen direct and indirect measures of attitude 
and subjective norm were tested for significance by computing separate correlation coefficients 
betveen attitude tovard the behavior (the direct measure of attitude) and the set of salient beliefs 
(the indirect measure, i.e., ABj = SibieO and betveen subjective norm (the direct measure of the 
influence of the social environment) and the set of salient referents (the indirect measure, i.e., SH 
s S|cni(mk). For teachers enrolled in the chemistry course, the set of salient beliefs vas found to 
be significantly related to attitude (g = .001 0); the set of salient referents vas not found to be 
related to subjective norm ( = . 1 402). On the other hand, for teachers enrolled in the physics 
course the set of salient beliefs and salient referents verf found to be related to attitude and 
subjective norm (g = .01 20 and g = .0003, respectively). Results of tests of significance 

betveen direct and indirect mMSures of attitude and subjective norm are presented in Table 4. 
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T«b1e 4 

Correlation Between Direct (AB/SN) and Indirect (S}Me&surea of Attitude and Subjective Norm 



Attitude Tovard Behavior Subjective Norm 
(ABj(£biXej}l lSN(£n)(X n^)l 

Course r p r p 



Chemistry .69 .0010 .36 .1402 

Physics .51 .0120 .69 .0003 



The contribution of each ttX of fifteen salient behavioral belief (Full Model } to the prediction 
of attitude tovard the behwior (Ijs., use of the activities and investlQations completed in the 
Summer Institute in Science Course(s} with students I teach this school year) was tested for 
significance for teachers enrolled in the chemistry and physics courses. The Ful? Model, 
consisting of the complete set of fifteen salient behavioral beliefs, vas found to be predictive &f 
attitude for teachers enrolled in chemistry (g = .0485) but not for teachers enrolled in physics 
(B e .2063). Under the Full Model for teachers enroled in chemistry, th« set of salient beliefs 
accounted for S7% of the veimxe in attitude. Only 37% of the attitude variance vas accounted for 
under the Full Model for teachers enrolled in physics. Results of significance tests for regression 
of salient beliefs on attitude are presented in Table 5. 

The fifteen behavioral determinants of attitude vere further examined for teachers enrolled in 
physics in using the follovring procedure. The least significant attitude determinant, based on the 
level jf significance of the determinant's beta value, vas first identified and removed from the 
regression equation. The contribution of the remaining determinants vas then computed. If the 
effects of the regression remained insignificant {ijt., & > .05), the next least significant 
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Pages 



T«ble5 

Si gnificance Teat of Rairession Effects-Behavioral Determiranta of Attitude (Full Model) 



Course Source SS df MS £ p R^Cedj) 



Chemistry 


Regression 


90.39 


15 


6.03 


8.90 


.0485 


.87 




Reslduttl 


2.03 


3 


0.68 








Phi}3ice 


Regression 


63.34 


15 


4.22 


1.86 


.2063 


.37 




Residue! 


15.87 


T 

i 


2.27 









Mote. Full model 'employs 15 salient behavioral beliefs. 

determinant vas then Identified and removed. This procedure ves continued until significarce vas 
reached for the overall regression effects (b i .05). The resultant set of attitude determi rents, 
salient beliefs, constituted the "p Model". Using the foregoing procedure three beliefs were 
removed from the regress1i>n equation, leaving a reduced set of attitude determinants consisting of 
ts/olve beliefs which accounted for 54% of the variance i n attitude. Results of the test of the 
regression effects under the "p Model" are presented in Table 6, 
Table 6 

Sig nificance Teat of Regression Effects-Behavioral Determinants of Attitude (d Model ) 

Coiirsa Source SS df MS F p R2(8dj) 



Physics Regression 62.67 12 5.22 3.16 .039 .54 
Residual 16.54 10 1.65 



fete. In "p model" least significant determinants are stepwise removal until overall significance 
Is reached. 
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Significant regression effects were achieved for the deter minents of attitude, for teechere twrolled 
in chemistry, using the "Full hSoder,tnd teachers enrolled in physics, using the "p Model". The 
resultant regression equations contained bdta veights, some of which vere significant ar^ some of 
vhich vere not. To arrive at the smallest set of attitude determinants vith significant beta 
veights for teachers enrolled in chemistry and teachers enrolled in physics, the set of behavioral 
beliefs vas further reduced. The procedure folloved to produce the "Beta Model" vas similar to 
that used to produce the "p Model", namely the least significant determinant vas first removed 
from the regression equation, beta veights of the remaining determinants in the regression 
equation vere re-computed, and the level of significance of each beta veight vas checked for 
significance (it., g x .05). Once significance vas reached for all beta veights, the stepwise 
deletion process vas halted. Under the "Beta Moder ten determinants of attitude vere each found 
to be significant for teachers enrolled in chemistry, but only one attitude determinant survived 
the stepsrise deletion procedure. Table 7 contains the results of tests for significance of the 
regression effects under the "Beta Model". 
Table 7 

Sig nificance Test of Regression Effects-Behavioral Determinants on Attitude (B Model ) 



Course 


Source 


SS 


df 


MS 


F 


P 


R2(«Jj 


Chemistry 


Regression 


87.06 


to 


8.71 


12.99 


.0007 


.87 




Residual 


5.36 


8 


0.67 










Regression 


38.73 


1 


38.73 


20.09 


.0004 


.47 




Residual 


40.49 


21 


1.93 









Note . In "B model" 1e«3t significant determinants are stepvisa removed until significance of all 
remaining B-values is reached. 
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For tMcher^ enrolled in chemistry fill fifteen eelient bellefe were found to be eignificent 
prcdictoreof attitude ueing the "p Model', end ten beliefe proved be Mgnificent using the "Bete 
hoder. Beliefe deleted from the rt^reeeion equation i Deluded beliefs that uee of th^e^tivitiee end 
inveetigetione vould ellov teechere to cover ell couree topica, ehov etudente epplKcetione of 
concepte, get etudente actively involved in learning science, clarify concepts and principles, and 
make science cless more interesting and fun. Beliefs melcing the greatest contribution to the 
prediction of attitude unLr the "Beta Model" included using the activities and investigations to 
create more interest in science (negative contribution), help students to understand science, boost 
otter teachers' intere^i in teaching science, and promote student/student/teacher interaction 
(negative contribution). Results of regression analyses of attitude determinants under the "p 
Model" and "Beta Model" for teachers enrolled in chemistry are presented in Table 8. 

The set of attitude determinants for teachers enrolled in physics vas reduced from fifteen 
beliefs using the "Full Model" to twelve beliefs using the "p Model". Determinants deleted from the 
prediction of attitude under the "p Model" included beliefs that use of the activities and 
investigatioki^ vould boost other teachers* interest in teaching science, would depend upon the 
availability of materials and equipment, and would clarify concepts and prir^ioles studied. Making 
the greatest contributions to the determinative: attitude were the beliefs that use of the activities 
and investigations vould create more interest in science, make science clftss more interesting and 
fun (negative contritution), give students experience using science equipment, and allow the 
teacher to cover all th.% course topics (negative contribution). Tbeonly belief to survive uwJer 
the "Beta Model" vas the belief that use of the activities and investigations vould likely create 
more interest in science. Results of regression analyses of attitude determinants under the *f uU 
Model", the "p Model" and the "Beta Model " for teachers enrolled in physics are presented in Table 
9. 
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Table 8 

Reoreaalof^ of Behavioral BeHefe On Attitude TovardBahsvior (Chemisiru ) 



Use of the activities and investigaUons vith p Model 6 Model 



students 1 tfiftch this comiho ueftr vill 


B 


D 
r 


B 


n 
r 


create morft Interest In dcisncfi 


-2.40 


.0257 


-1.44 


.0036 


dftMnd on ihft tintt avftilfthlft 

l^l^ira VII %lffV ^1 II w QVQi lOVIV* 




.0377 


0.59 


.0011 


hftiD students to undftrftt^ra) flciftncfi 


2.25 


.0112 


1.77 


0004 


illov Tttb to cov6r ftll tho fiourftft tonics 


-0 19 

V. 1 ^ 


.3460 




na 


boost otter tsschsrs' Intf^rsst In tsschlno sciencs 


U6 


.0544 


0.85 


.0095 


show students sDDlicstions of cones ots 


0.55 


.2140 




ns 


est students dctivftlu involved in leer ni no science 


0 21 


4413 




na 


give students experience using science equipment. 


0.38 


.1026 


0.39 


.0126 


develop in students thd sbility to use vocebulsry. 


1.33 


.0480 


0.75 


.0382 


help develop thinking/problem solving skills. 


0.49 


.0914 


0.42 


.0097 


depend on the svsllsbility of mstenels/equipment. 


0.48 


.0551 


0.23 


.0467 


sppesl to differing sges/sbilities/interesls. 


-1.23 


.0523 


-0.56 


.0441 


clarifj concepts end principles students study. 


-0.03 


.9150 




na 


promote student/student/tescher Interaction 


-1.30 


.0280 


-0.89 


.0031 


make science class more Interesting and fun. 


0.10 


.5884 




na 
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Table 9 

Re gression of Behevioral Beliefs On Attitude Tovard Behavior (Phusics) 



Use of the activities and investigations vith Full Model p Model 

students i teach this coming year will ... B p 6 p 



crests more interest in science.^ 


0.99 


.031? 


1.09 


.0027 


depend on the time evsilable. 


0.24 


.2413 


0.24 


.0988 


hel p students to understsnd science. 


0.49 


.2262 


0.43 


.1123 


silov me to cover ell the course topics. 


-0.67 


.0908 


-0.65 


.0480 


twost other teechers* interest in tesching science. 


0.16 


.6496 


— 


ns 


sbov students spplicstions of concepts. 


-0.55 


.3772 


-0.49 


.3250 


get students actively involve in learning science. 


0.36 


.4503 


0.45 


.1839 


give students experience using scie; ^equipment. 


0.80 


.1652 


0.85 


.0284 


develop in students the ebilitg to use vocsbulery. 


0.14 


.6995 


0.15 


.5098 


help develop thinking/problem solving skills. 


-0.19 


.5277 


-0.17 


.4840 


depend on the evsilebility of materisls/equipment. 


-0.02 


.9534 




ns 


ftppeel to differing eges/ebilities/interests. 


0.40 


.3160 


0.44 


.0950 


clarify concepts end principles students study. 


0.06 


.8912 




ns 


promote student/student/teecher interaction 


-0.25 


.3520 


-0.23 


.2949 


make science class m^'-t interesting and fun. 


-1.09 


.0658 


-1.52 


.0179 



A Sole belief determined to be significant under "6 Model" (6 « 0.70, p « .0002). 



Removal of subjective norm vas shovn to increase the significance of the contribution of 
attitude to the prediction of teachers' intention to use the activities and investigations vith 
students they would teach during the next school year. The levels of significance of the regression 
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effects improved for teachers enrolled in chemistry (from g s .057? to g ^ .046} and teachers 
enrolled In physics (g » .0773 to g s .022). The indiroci measure of subjective norm (Ik^kn^k) 
vas found to be significantly related to the direct measure for teachers enrolled in physics but not 
for teachers enrolled in chemistry (see Table 4). Under the ""p Model" the complete set of 
normative determinants was shovn to be significantly predictive of subjective norm. Using the 
"Beta Moder the superintendent and other teachers vere the sole determinants of subjective norm. 
The contribution of the principal, parents, students, and the depariment chairperson vere deleted 
under the "Beta Model". Presented in Table 1 \ are the results of the regression of normative 
beliefs on subjective norm for teachers enrolled in physics using the "p Model" and the "Beta 
Model". 



Table 11 

Re gression of ^formative Beliefs On Subjective Worm (Phusics ) 



Sfilient 




p Model 


B Model 


Referents 


6 


P 


6 


P 


Superintendent 


0.07 


.0577 


0.08 


.0070 


Parents 


0.00 


.9972 




ns 


Phncli^l 


0.05 


.2702 




ns 


Students 


-0.0t 


.7275 




ns 


Other Science Teschers 


0.08 


.1015 


0.08 


.0036 


Deportment Chairperson 


-0.02 


.2936 




ns 
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Conclusions 

Results of this study Indicate attitude toward the behavior to be the sole determinant of 

of 

teachers* intentions to engage i n the behavior, i j^., use the activities and investigations vith 
students enrolled in their classes during the upcoming school gear. Teachers* personal beliefs 
concerning the consequences of using investigative methods to teach physical science strongly 
i nfluence their attitude toward doing so. On^ the other hand, the social environment, consisting of 
the superintendent, the principal, departmental chairperson, students, colleagues, and parents 
(i^., salient referents) exert little influence on teachers* decision to use investigative teaching 
methods, intent to use investigative teaching methods appears ta result from personal decisions 
reached by teachers without regard to social influence. This finding may indicate that the decision 
to use one teaching method or another is an intensely personal one, unaffected by the expectations 
of personal referents. On the other hand, the insignificant contribution of subjective norm to the 
prediction of tehavioral intention may result from a lack of social support rather than from 
teachers* abilities to wittetand social pressures. 

The reason for examining the determinants of attitude and subjective norm is to gain greater 
understanding of the beliefs teachers hold about use of irtvestigative teaching methods with the 
students they teach. According to the Theory of Reasoned Action, behavior change 1^^ ultimately the 
result of changes in beliefs. Research has shown that use of hands-on activities by sciera^ 
teachers in grades 10- 12 has declined from 1977 to 1985-86, yet 4 out of 5 teachers and 
principals believe laboratory- based activities to be more effective than traditional teaching 
methods (Weiss, 1 987} . If science educators are to work with science teachers to i mprove the 
access of all students to laboratory- baaed instruction they must understand teachers personal 
beliefs and the social Influences they face In the classroom. 

How can behavior change be brought about? At least two approaches (i n isolation or 
combination) seem promising based on the results of the present study. First, res^rchers can 
plan attitude change experiments to strengthen teacher *s beliefs about the consequences of using 
investigative teaching methods or improve their evaluation of the consequences of using these 
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rr^thods or both. For example, a peraudsive commumoation might be developed in which teachers 
were provided with redearcl i evidence concerning the link between the uee of investigative 
teaching methods and improved student understanding of science concepts (a salient belief among 
teachers included in the present study) and with additional information designed to improve their 
evaluation of the outcome, namely improved understanding of science concepts. A second route to 
strengthening teachers* intent to use investigative teaching methods involves providing increased 
social support for doing so. Using this route to change intentions (and subsequently changing 
behavior) investigators might, for example, design an experiment in which the school principal 
and/or department chairperson regularly observes and encourages teachers to use investigative 
teaching methods. Changing teachers' intentions can be accomplished either by ctenging their 
attitude toward use of investigative teaching methods or their perceptions of the social support for 
doing so. 
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